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Work on RF plasma reactors at CRPP Lausanne
Alan Howling 
Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland
Center for Research in Plasma Physics (CRPP)
start by acknowledging:
Christoph Hollenstein, Laurent Sansonnens
also
Ulrich Kroll, Jacques Schmitt, Benjamin Strahm etc
Note:  CRPP is a thermonuclear fusion research institute:
120 people on tokakmak TCV
< 10 people on plasma industrial applications 
A. Howling Nankai University 
March 28 - April 3 (2010)
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short CV, then relevant  papers 
in chronological order
• Degree in physics 1979 - 1981 Oxford University, 
• Masters in Electric Plasmas 1981 - 1982 England
• PhD  "Edge Plasma in TOSCA Tokamak" 1982 - 1985
• Post-doc:  RF heating on TCA Tokamak 1986  - 1989 Ecole Polytechnique
• Start group with Dr. Ch. Hollenstein on Federale, Lausanne
Plasma Industrial Applications 1990 - 2010 Switzerland
one specific example: Balzers Displays
Unaxis Displays
Unaxis Solar
OC Oerlikon Solar-Lab
etc
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Appl. Phys. Lett. 59 1409 (1991)
white light 
illumination of 
powder in silane 
plasma
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J. Vac. Sci. Technol. A10 1080 (1992)
constant power in the plasma
deposition rate vs frequency
SiH* vs frequency
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Appl. Phys. Lett. 62 1341 (1993)
power modulation
effect on
powdernegative ion signal
vs
modulation frequency
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J. Appl. Phys. 75 1340 (1994)
positive and negative ions
vs
time in on-off plasma negative ions
mass 500 amu
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J. Vac. Sci. Technol. A13 918 (1995)
horizontal       and         vertical
polarizations
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resonance: charge exchange 
collisions and RF period measure parabolic 
sheath potential
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J. Vac. Sci. Technol. A14 132 (1996)
adjust for zero 
self-bias
ion energy decrease
with frequency in a 
symmetric  reactor
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negative ions
mass 1200 amu
Si8Hm
-
m=0 to 22
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Green's function 
model with 
numerical 
calculation
for voltage 
distribution in 
vacuum
thin film interferograms
(37 cm x 47 cm 
substrate)
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DUST PARTICLE DIAGNOSTICS IN RF PLASMA
DEPOSITION OF SILICON AND SILICON OXIDE FILMS
Ch. HOLLENSTEIN, A. A. HOWLING, C. COURTEILLE,
J.-L. DORIER, L. SANSONNENS, D. MAGNI and H. MÜLLER
MRS Symp. Proc. Vol. 507 Amorphous and
Microcrystalline Silicon Technology, pp547-557 (1998).
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negative ion measurement
negative ion model with
simple reaction sequence
(elimination of H2 and 2H2
in ratio 2:1)
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higher dissociation 
rate for VHF plasma 
(for constant power 
in plasma)
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simple model suggests  
that gas composition is 
spatially uniform across a 
showerhead reactor with 
a uniform plasma
species continuity equations
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b)
top charge
back face charge
total substrate charge
kV potential 
when substrate 
lifted after 
plasma!
16 aah 
ammonia flush
less oxygen than 
with water flush
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J. Appl. Phys. 95 4559 (2004)
parallel-plate
non-uniformity
uniform with lens
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perturbation to 
plasma RF 
potential due to 
sidewall area
negative charge on 
substrate
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standing wave quasi-TEM
telegraph quasi-TEM 
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silane concentration in the plasma
determines microcrystallinity
depletion accounts for 
parameter scaling
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directed flow
from a 
closed reactor
is best
SLOW
FAST
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Some other industrial topics not mentioned here:
Low pressure plasma torch spray - Sulzer Metco
SiOx deposition for packaging - Tetra Pak
Electrical Discharge Machining - Charmilles
Solar panel drive mechanism for satellites - ESA
RF arc study for reactor design - SwissElectric
Diamond and nitriding by DC arc column - Swiss watch industry
etc
